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FOREWORD

This report was prepared by the Fort Hood Field Unit of the U.S.
Army Research Instituge for the Behavioral and Social Sciences (ARI)
in response to a request through the Training Developments Branch of ‘
the Operations and Plans Division, HQ TRADOC Combined Arms Test Ac-
tivity (TCATA). Some of the research was accomplished by Operations
Research Assoclates"under Contract DAHC 19-75~C-0017. The purpose
was to provide a detailed tank crew training data base to be used in
the Department of Defense net assessment study of U.S. and Soviet tank
crew training. This report was incorporated as Chapter 9 of Annex A
of the report "Net Assessment of U.S. and Soviet Tank Crew Training."
The findings were immediately utilized by TRADOC to revise and improve

the Army's Tank Gunnery Qualification Test.
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TANK GUNNERY ANALYSIS FOR DEVELOPING A TANK CREW TRAINING DATA BASE

BRIEF

|
!
Requirement: i

Developments Branch of the Operations and Plans Division, HQ MASSTER,

Fort Hood, Texas. \The research was designed to fulfill a requirement for
the collection, analysis, and reporting of tank crew gunnery score data.
The research was required as input for a Department of Defense net assess-
ment study of U. S. and Soviet tank crew training. The objectives were:
(l) to provide a tank crew training data base consisting of data from at
Tease ten tank battalions and, {2) an analysis of this data base which
would permit the identification of some of the variables affecting gunnery

) This report {Ei prepared in response to a request by the Training

more valid and reliable than data from CONUS battalions.

é;

i performance.

! Procedure: §

?* Table VIII gunnery data were collected from fifteen tank battalions
$ in the U. S. Army: eight from USAREUR and seven from CONUS. Main gun

: gunnery scores were analyzed for both day and night firings measuring

i number of hits and firing times required. '
3 Principal Findings:

® _

12 e Table VIII data from the sample USAREUR battalions appears to be

\ o Both USAREUR and CONUS tank crews fire more accurately at middle
ranges of from approximately 1000-1800 meters. First round accuracy at
the short ranges from 600-1000 meters is relatively poor.

o There was no practical difference in main gun accuracy performance
between Table VIII A (day) and Table VIII B (nightg;

o There is no difference in first round accuracy between precision
and battlesight engagement methods in the battlesight range band (600-
1800 meters).

) o There is little difference in first round accuracy and firing time
when engaging either stationary or moving targets.

e e ?:w‘m@mgwww .

o There is not a strong linear correlation between first round | .
accuracy and firing time. ' L. "
|
]
|
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Utitization of Findings:

This report has been incorporated by TRADQC, as a entity,
report "Net Assessment of U. S. and Soviet Tank Crew Training"
by the Director of Net Assessment, Department of Defense. The
are being used by TRADOC to revise and improve the Army's Tank

R Qualification Test. The aim is to increase cost effectiveness
improving gunnery proficiency and reducing operating costs and
amunition expenditures.
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TANK GUNNERY ANALYSIS
*9-1. Introduction.

a. Data from the Table VIII gunnery qualification score cards were

used for analyzing gunnery performance. The analysis was limited to main
un performance using two performance measures; first round accuracy scores
called hit probabilities) and first round firing times. Hit probabilities
are Hit-Miss scores for each round transformed into a praoportion or per-
centage assigning 1 (or 100) to a hit and zero to a miss. Firing times are
measures of elapsed time, in seconds, from when the tank crew examiner
(TCE) or assistant instructor (Al) started each trial to when the first
round was fired.

b. The sample is comprised of data collected from 15 tank battalions;
eight battalions from USAREUR and seven from CONUS. The various battalions
fired from four to six main gun engagements on both Table VIII A and B.

The total number of first rounds in the sample amounted to approximately
6,000; 3,000 for the USAREUR battalions, and 3,000 for the CONUS battalions.

c. Chapter Organization. This chapter is organized into three main
sections. The first section presents a general description of the gunnery
performance of the USAREUR and CONUS battalions when treated as two different
groups. Data from the individual battalions were pooled together to creats
the two larger groups. The second section consists of three parts. The
first part presents separate analyses of each of the fifteen battalions.

The second part integrates the results from the individual battalions. The
third part provides a longitudinal study of the gunnery performance of one
battalion over one year's time. The third section presents an analysis of
differences in gunnery performance between battalions serving in the same
division. The analysis included comparisons of battalions assigned to three
different divisions.

9-2. General Description of USAREUR and CONUS Tank Crews Performance.

a. In organizing the data for a general analysis, it was found that the
target engagement conditions under which the battalions were tested differed
mainly in terms of whether they were located in USAREUR or in CONUS. The
engagement conditions of USAREUR battalions were quite similar among them-
selves, but differed in several respects from the engagement condition of
CONUS battalions. The same relation was true for the CONUS battalions. In
addition, it was found that the accuracy measures of the two groups differed
considerably. Since the measures of the two groups were quite different, it
was decided to keep them separate in all analyses because merging the measures
would tend to obscure the real differences and produce statistics which would

*This report was prepared to be incorporated as Chapter 9 of Annex A of the

TRADOC report Net Assessment of U.S. and Soviet Tank Crew Training. There-
fore, pages, tables and Tigures were numbered as they would appear in the
TRADOC report, e.g., the first section (Introduction) of this report was
designated as 9-1 instead of 1.

-




present a misleading interpretation of the underiying dichotumy. lurtherwre,
the general analysis was restricted to include data from engagements using
high velocity tank killing ammunition; HEAT, TP-T, APDS, and TPDS-T. Because
of the different ballistic characteristics of HEP ammo and because the primary
interest is in tank killing capability, data from HEP engagements were not
included. : '

b. Overall Description. The overall description consists of two graphs
of mean hit probabilities presented in figures 9-1 and 9-2. The data from
which the means were calculated, the means themselves, and the standard error
of the means (SEM) are listed in the accompanying tables, tables 9-1 and 9-2.
An overall description of firing time data is not included because it is not
influenced by the range factor in the same way as accuracy is. The mean
values computed for all ranges were calculated by dividing range into 200
meter intervals; 0-199, 200-399, etc. The data from all engagements with
ranges that fell within an interval were pooled and summed. Statistics were
calculated from the pooled data for that interval. The statistical value was
then plotted at the midpoint of the range interval; at 700 for the 600-799
interval, 900 for the 800-999 interval, etc. Included in figures 9-1 and 9-2
is one of the AMSAA curves. It provides a well known general frame of ref-
e:ence for judging the relative performance levels of the qunnery ualifica-
tion curves.

(1) Figure 9-1 presents overall mean hit probability performance of the
USAREUR tank crews on all types of engagements as a function of target range.
The curves show the following relations. One, there is no difference in mean
hit probability (Ph) performance between Tables VIII A (Day) and B (Night).
Table 9-1 specifies that the overall Py for Tables VIII A and B were .50 and
.51, respectively. Two, in the range from 1000 to 2000 meters, the perform-
ance curves closely follow the AMSAA curve at values that are somewhat higher
than the AMSAA values. A z-test for significance of a proportion was run on
the data from Tables VIII A and B to test for differences between the USAREUR
and AMSAA Pp values. The results, presented in table 9-3, indicate that the
day and night Ph values for the 600-799 and 800-999 range intervals were
significantly less that the AMSAA values; z-day (600-799)=2.54, p <.05,
z-night (600-799)=2.33, p <.05, and z-day (800-899)=8.94, p <.001, and
z-night (800-999)=8.25, p <.001. The day Pp values for the 1000-1199, 1400-
1599 and 1600-1799 range intervals were found to be significantly greater
than the AMSAA values, while there was no statistically significant dif-
ference in P values at the 1800-1999 meter interval. The night Py values
for the 1000-1199, 1600-1799, and 1800-1999 meter intervals were signifi-
cantly greater than the AMSAA values, while there was no significant dif-
ference in Pp values at the 1200-1399 and 1400-1599 meter intervals. Gen-
erally speaking, the results indicate that the combined day and night
accuracy performance for USAREUR tank crews was less, by about 15 percent,
than the AMSAA curve at the short ranges from 600-1000 meters, and somewhat
better than the AMSAA curve at ranges from 1000-1800 meters, by about 5 to
10 percent. '

9-2
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TABLE g.3

€ TEST FOR SIGNIFICANCE OF A PROPORTION
Ransolnurval Midpoint
1100 1300

700 1500 1700 1900
; NMSAA P .83 74 .61 4 .33 .24 a4
- , USAREUR
X Table VIII A 72 .53 .66 .40 .36 .13
i Total Hits “ 185 218 — 82 51 13
‘ Total Rounds 61 347 330 207 142 99
i Score 2.54 38.94  1.99 2w 3.34 0.29
! P <.05 <,001 <.05 T <05 <01 N.S.
i USAREUR By,
| Table VIII 8 .68 .57 .7 .48 42 .3 .32
; Total Hits 23 259 148 38 35 88 10
. Total Rounds u 453 209 80 83 287 3
, i Score 2.33 8.25 2.96 0.18 1.8 2.78 2.89
i p <05 <001 <0l N.S. N.S. <.0 <01
i
*
£ 0
. .
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(2) Figure 9-2 presents overall Py performance of the CUNUS tank crews k
on all types of engagements as a function of target_range. The curves show
the following relations. One, both curves present Ph values across almost
all ranges that are much higher than the AMSAA curve. Two, the Table VIII
B (night) curve presents a Ph value of .64 at the 2500 meter range (see table
9-2) which can only be considered as unrealistically high and which calls into
doubt the reliability and validity of CONUS target sensing and scoring stan-
dards. Three, the difference in Py performance between the Table VIII A and
B curves appear at the extremes. Day performance seems to be better than {
night performance at the 800-999 meter interval while night performance is
superior_to day performance at 2500 meters. There is no practical difference
between Ph values at the ranges from 1000 to 1800 meters. Four, both curves
show optimum performance at the 1200-1399, and 1600-1799 meter range intervals
indicating that the CONUS tank crews probably do their best shooting at the
middle ranges from 1200 to 1800 meters.

c. The Effects of Engagement Variables on Accuracy and Firing Time.
This section presents a description of how combinations of different engage-
ment variables influenced the gunnery performance of the sample tank crews.
The description of their effects on accuracy performance will be presented
first, followed by the description of their effects on firing time.

(1) The Effects of Engagement Variables on First Round Accuracy. Before
the descriptions are presented, it must be noted that the engagement condi-
tions of the USAREUR and CONUS battalions differed in their specifics for
many of the engagements. These differences are due, presumably, to differences
in range facilities, ammo availability, and emphasis on different types of
engagements. There were two engagement conditiens that were similar. They
involved precision and battlesight engagements firing HEAT ammo at stationary
targets. The other engagement conditions varied on one factor or another.

(a) Precision Versus Battlesight Engagement Methods. Figure 9-3 and
figure 9-4 presents the USAREUR and CONUS Ph curves for precision and battle-
sight engagements firing HEAT ammo at stationary targets on Table VIII A
(Day). Comparing the precision and battlesight curves with one another on
both graphs shows no practical difference in first round mean hit probability
performance between engagement methods. The battlesight method is as accurate
as the precision method over the ranges for the battlesight engagements, 600
to 1800 meters. Figures 9-5 and 9-6 present the same engagement conditions for
Table VIII B (night). Figure 9-5, which appears to describe the more valid
functions shows that first round mean hit performance is almost identical
at the 1000 to 1199 meter range interval; .71 for precision and .70 for
battlesight (see table 9-6), and substantially better for battlesight at the
1200 to 1300 meter interval. Again there are no consistent differences in
first round mean hit probabilities between engagement methods.

9-8 -~
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_ (b) Figure 26 is interesting in that It describes tlat stopes for the
Ph functions across range, indicating that Ph is independent of the influence
of range. It is difficult to believe that these curves describe the true
performance parameters qf CONUS battalions on Table VIII B.

(c) Moving Versus Stationary Targets. Figures 9-7 and 9-8 present the
CONUS Ph curves for engaging stationary and moving targets on Table VIII A (Day)
and B (Night), respectively. The results are similar to the previous com-
parisons. The plots show no consistent difference in first round mean hit
probability between precision engagements against stationary and moving tar-
gets. Figure 9-9 presents the plots of USAREUR tank crews engaging moving
targets with battlesights and firing TPDS-T ammo. During the day, their

Ph values at the 600-799 and 800-999 meter range intervals were .58 and .57

respectively (see table 9-10). The closest comparison that can be made is

to compare the above values with those in figure 9-3, table 9-4, where stationary
targets were engaged with the battlesight method and HEAT was the ammo. The

Pp values for these conditions were .72 for the 600-799 meter interval and

.65 for the 1000-1199 meter interval. These results indicate that performance
against the stationary targets was considerably better, but there is no way

to determine what effect the different types of ammo contributed to the dif-
ference. Comparing the Table VIII B scores in figure 9-9, table 9-10, with the
battlesight curve in figure 9-5, suffers from the same problem in that the

ammo is different. On the one range interval shared by both curves, the
800-999 meter interval Ph on the moving target was .69 (see table 9-10), while
the value for the stationary target was .41 (see table 9-6), a reversal from
the previous Table VIII A comparison. It suffices to say that these compari-
sons are confounded, inconsistent, and show no definite trends. Taken as a
whole, the CONUS and USAREUR data indicate that target motion had negligible
effect on first round mean accuracy performance.

(2) The Effects of Engagement Varjables on First Round Firing Time.
The firing time statistics presented in this section consist of means and
standard deviations presented in tables which accompany the_figures. The
statistics were derived in the same manner as the previous Ph values were;
by pooling the data within the 200 meter range intervals and calculating
the statistics from the pooled data. The figures in this section present
plots of the first round mean firing times over range, although it will be
found that range has only minimum influence on firing time. Nevertheless,
some understanding of functional relationships can be derived from plots of
the weans that describe the general nature of the relation between firing
time and various engagement factors. Graphs of these functions are presented
in the following paragraphs.

a. The Effects of Target Range, Time of Day, and Engagement Method.
Figures 9-10 and 9-11 present plots of mean firing time for precision and
battlesight engagements on Table VIII A (Day) and B (Night) for USAREUR and
CONUS tank crews, respectively. Examination of the plots reveal that if

9-17
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smoothed out, the slopes of the curves would be fairly close to the hori- f
zontal, although they would be positively angled to some extent. This

relationship indicates that the factor of range has much less influence on

firing time than it has on accuracy performance. 1

(1) Day/Night influences firing time in the expected direction. Over-
all mean firing times for precision and battlesight targets were generally
faster during the day than during the night. Tables 9-11A and B and 9-12A
and B indicate that the magnitude of the increase was about 1 to 5 seconds for
precision engagements and from 2.0 to 2.5 seconds for battlesight engagements.

(2) Engagement method appears to have considerable effect on firing
time. Mean firing times for battlesight engagements were much faster than
for precision engagements. Tables 9-11B and 9-12B denote that overall mean
firing times for USAREUR and CONUS tank crews on Table VIII A battlesight
engagements were 7.58 and 9.49, respectively, while their corresponding values
for precision engagements in tables 9-11A and 9-12A were 14.29 and 18.97
seconds. The overall mean firing times were compared in a series of t-tests
to determine if the battlesight engagements were significantly faster than .
precision engagements. The results are presented in table 9-13. The results X
in table 9-13 show that in all four comparisons, the first round mean firing
time for battlesight engagements were significantly faster than for precision

engagements.
) ' TABLE 9-13

t-Tests of Overall First Round Mean Firing Times
(Target Motion: Stationary: Ammo: Heat)

Engaggmgﬂg Method | Mean
Source Precision | Battlesight Difference | S.E. Diff t P

Table VIIIA
(Day)

USAREUR 14.29 7.58 6.71 0.4308 15.58 ] < .001

CONUS 18.97 9.49 9.48 0.7823 12.12] < .001

Table VI8

(Night) o
USAREUR - 15.39 10.78 4.61 0.8457 5.45]< .001
CONUS 23.90 11.59 12.31 0.1825 67.45|< .001

9-30
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(b) The Effects of Target Motion. Figures 9-12 and 9-13 present plots of
mean firing times for USAREUR and CONUS tank crews on moving target engage-
ments. The conditions of target motion and type of ammo are confounded in
figure 9-12 and should be taken into consideration when making comparisons.
Hevertheless, the curves in figure 9-12 do not show any apparent jncrease in
firing time produced by the effects of target motion. Statistics from the
CONUS sample provide additional evidence to support this interpretation. A
comparison of the mean firing times between moving and stationary targets
from tables 9-12A and 9-15 reveal that the overall means for moving targets
were 17.02 and 19.32 for Table VIII A and B, while the corresponding means
for stationary targets were 18.97 and 23.90.

(c) The Correlation Between Mean Hit Probability and Mean Firing Time.
The point-biserial correlation coefficients (rpp) between the first round
accuracy and firing time score on all main gun target engagements were
calculated for each battalion on Table VIII A and B. The coefficient pro-
vides an estimate of the strength and direction of the linear association
between accuracy and firing time. The question under study was to deter-
mine if a strong association exists between accuracy and firing speed and
if so, to determine the nature of the relationship; whether they are
positively or negatively associated.

(1) Fifty-nine individual point-biserial correlation coefficients from
the USAREUR battalions were arranged into a table according to type of engage-
ment. They were examined to detect any patterns or relationships. The
results were negative. Fifty-one of the correlations were not significant.
Six negative correlations were statistically significant. The results were
similar for the CONUS battalions. From a total of 36 rpb correlations that
were compared, 31 were not significant, and 5 negative correlations were
significant.

(2) These results can only be interpreted to mean that there is very
little association between time taken to fire the first round and hit
probability. Furthermore, if there is any association, it seems to be in
the negative direction which means that as firing time increases, accuracy
decreases. There was a total of 13 significant rpp correlations out of 95
for the combined USAREUR-CONUS sample. Eleven of the 13 significant cor-
relations were negative. Figure 9-14 presents, graphically, two typical
battalior examples of the functional relations between first round Ph and
firing time. Included are curves for a precision and a battlesight target.
The function for the precision target is U shaped, while the function for
the battlesight target is at first positively angled and then tails off into
a negative slope. The curves suggest that the function may not be linear.
It may be curvilinear, perhaps in the form of an inverted U (n). In this
case, maximum accuracy would be achieved at an optimum firing time and would
decline if firing time were faster or slower than the optimum. Additional
analysis is required to define the true relationship. In any case,.a study
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TABLE 9-15A
TABLE VIII A
First Round Mean Hit Probability (Pp)
by Time Interval
UJD Bn., Target 4: Range: 1600-1800 Meters; Engagement
Method: Precision; Target Motion: Stationary; Ammo: HEAT
rpb = .01, Not Significant
Time
Interval -
(Seconds) Hits Misses TOTAL Pn
10-12 20 1 21 . 95.24
13-15 17 - 4 21 80.95
16-18 3 2 5 60.00
19-21 2 - 0 2 100.00
22-24 0 0 0 @ e
25-27 1 0 1 100.00
;
|
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- TABLE 3-158
TABLE VIII A
First Round Mean Hit Probability (Pp)
" by Time Interval
EDB Bn., Target 5: Range: 1000-1200 Meters; Engagement
Method: Battlesight; Target Motion: Stationary; Ammo: HEAT
7 rpb= -.23, Not Significant
Time
Interval -
, (Seconds) Hits Misses TOTAL Ph
4-6 4 2 6 66.67
7-9 15 3 18 83.33
10-12 9 . 1 10 30.00
- o= 13-15 1 1 2 - 50.00
16-18 0 0 0  ee---
19-21 1 2 3 33.33
i
‘v orf
A 0
P ‘




of the data in tables 9-15A and 9-15B seewm to indicate that little improvement
results in accuracy by taking more time to fire than is necessary for a rapid,
precise, gun lay in which the gunner does not sacrifice precision for speed.

$-3. Findings and Conclusions. The analysis of the overall main gun perfor-
mance of the USAREUR and CONUS tank crews on Table VIII has produced same
broad estimates of performance parameters which partly describe the present

state of tank gunnery on Table VIII in the Army. These findings and conclu-
sions are summarized below:

(1) Table VIII data from the sample USAREUR battalions appears to be
more valid and reliable than data from the CONUS battalions.

(2) Both USAREUR and CONUS tank crews seem to fire most accurately at
the middle ranges from approximately 1000-1800 meters. First round accuracy
at the short ranges from 600-1000 meters is relatively poor.

(3) There does not seem to be any practical difference in main gun
accuracy performance between Table VIII A (Day) and Table VIII A (Night).

(4) There is no difference in first round accuracy between precision
and battlesight engagement methods in the battlesight range band (from
600-1800 meters).

(5) There is little difference in first round accuracy and firing time
when engaging either stationary or moving targets.

1 (6) Target range does not have much influence on first round firing
times.

(7) Time of day does affect first round firing time, and in the expected
direction. Generally speaking, first round firing time during the day is
faster than during the night.

(8) Engagement method has considerable effect on first round firing
time. Mean firing times for battlesight engagements were much faster than
for precision engagements.

(9) There does not seem to be a strong linear correlation between first
round accuracy and firing time.
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9-4, Individual Analyses of the Sample Tank Battalions.

a. This section presents separate analyses of the 15 sample tank bat-
talions. Each analysis presents a description of how a battalion performed
on Table VIII, Results are provided showirg how engagement variables and
their interactions affected gunnery performance. The analyses should be
useful for evaluating the gunnery performance of individual battalions on
Table VIIT in relation to the particular set of main gun engagement condi-
tions which comprised each test.

b. Contents and Organization.

(1) Each analysis is presented in a separate section which consists
of written text followed by a set of tables and fiqgures. The results of
the analysis appear in these graphics. Each set of graphics begins with a
summary table entitled Gunnery Performance Measures. It presents specifica-
tions of each target engagement and data and descriptive statistics of the

two performance variables. Included are the first round mean hit probability

(Ph) scores, firing time scores, and point-biserial correlation coefficients
for each target engagement. The table provides a reference for the rest of
the analysis. Following the first table are two identical sets of graphs,
each comprising two tables and a figure. In the first set, the first table
is an analysis of variance summary table which presents the results of a
tnree-factor analysis of variance of first round hit probability scores,
Second is a companion table listing the mean values for the factors in the
analysis of variance which are Py values converted into percentages.
Third, is a figure displaying plogs of the means for the Tables X Targets
interaction. Provided in the second set of two tables and a figure are

the results of the analysis of variance of first round firing time mea-
sures., At the time of writing, these seven tables and figures comprised
the basic set of qraphics for each battalion analysis. The set of figures
does not describe a complete analysis in every case and needs to be ex-
panded for complete coverage.

(2) The analysis of variance test used for the analyses was a computer
program from Dixon, W. J. (ed.) BMD Biomedical Computer Programs, 1974,
University of California Press, (BMNDO8YV, pp. 693-704). The program had one
major restriction that produced some discrepancies in the results. The pro-
gram required an equal number of tank crews in each company or it would not
run. Thus the number of tank crews for all companys was determined by the
company which had the smallest number. For example, if A Company had 17
tank crews, B Company had 16 tank crews, and C Company had 14 tank crews,
the number of tank crews tested in the analysis of variance would be the
first 14 crews in each company. Data from the last three crews in A Company
and the last two crews in B Company would not be included in the test. The
mean values derived from an analysis of variance which did not use data from
all tank crews in the battalion differed somewhat from the means presented
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in the Summary of Gunnery Performance Measures table which did use the data
from all tank crews. In most analyses the number of crews not included did
not amount to more than three or four and their loss did not affect the
results substantially. In battalions with large differences in number of
crews between companys, a different approach was taken. The company factor
was dropped from the analysis of variance design and the data from all crews
were then included in the analysis.
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c. Analysis of the Sample Battalions.

(1) The analyses of the individual battalions are presented in the
following sections. Analyses of the eight USAREUR battalions are presented
first followed by the analyses of the seven CONUS battalions.

(2) Before the analyses are presented, it is necessary to explain the
code system used for identifying individual battalions. The identification
code for each battalion consists of three letters. The first letter will
be either an E or a U. They specify whether it is either a USAREUR battalion
(E) or a CONUS battalion (U). The second letter identifies the individual
battalion and will be used when referring to it; such as the "A" Battalion.
The third letter specifies the division or brigade to which the battalion is
assigned; such as the "C" Division.




(3) Analysis of the EBB Battalion.

(a) B Battalion had a mixed organization. A Company was equipped with
M60AOS tanks, while B and C Company were equipped with M60Al tanks. Table
9-8-1 presents the Summary of Gunnery Performance Measures for the B
Battalion. The statistics in table 9-B-1 were based on data from a total
N of 34 tank crews: 12 in A Company, 10 in B Company, and 12 in C Company.
The statistics in the analyses of variance were based on data from a total
N of 30 tank crews, the first 10 from each company.

(b) Table.9-B-2 presents the results of the analysis of variance of
first round P scores. The results show that the main effect of targets
was statistically significant (F=9.35, p <.001), and the interaction effects
of Companys X Targets was statistically significant (F=2.55, p<.05). Mean
Ph values for these effects are presented in table 9-B-3 which contains an
abridged list of all Pp values for the main effects and interactions except
for the Companys X Tables X Targets interaction. The Targets main effect
was analyzed by a Jukey's (HSD)*Test. The results indicated that the bat-
talion tank crews Py value on Target 4, the only engagement firing HEP ammo,
was significantly less (p <.01) than on the other targets. Target numbers
used in the text refer to the order in which the targets appear in the first
table, 9-B-1, Summary of Gunnery Performance Measures, i.e., the first target
entered in table 9-B-1 is Target 1, the second is _Target 2, etc. There was
no other statistically significant difference in Ph between the targets.
Examination of the means for the Companys X Targets interaction indicated
that C Company had the highest Ph values on Targets 1, 2, and 5, but the
lowest Ph on Target 3.

(c) Table 9-B-4 presents the results of the analysis of variance of
firing time measures. The results show that significant main effects were
Companys (F=4.67, p<.05), and Targets (F=50.10, p <.001), and significant
interaction effects were Tables X Targets (F=4.43, p<.01). Mean firing
time values for these effects are presented in table 9-B-5. The Companys
main effect was analyzed by examining the Company means. They indicated
that A and B Companys' overall mean firing times were significantly faster
(p <.05) than C Company's. The Targets main effect and the Tables X Target
interaction effect were related. The target means were analyzed in a
Tukey's (HSD) Test. The results indicated that the mean firing times on
Targets 1, 2, and 5 were significantly faster (p< .01) than the mean firing
times for Targets 3 and 4. The Tables X Targets interaction is graphically
presented in figure 9-B-2 and shows that the mean firing time on Targets 3
and 4 were lon?er on Table VIIT A (Day) than on Table VIII B (Night), while
the reverse relation was the situation on the other targets.

(d) Company A in B Battalion was equipped with ME60AOS tanks, whereas
B and C Company had M60A1 tanks. Nevertheless, comparison of between

* Honestly Sfignificant Difference.
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Company Pp, values showed no difference in accuracy. Also A Company did nol
differ in any way from the other Companys in terms of firing time. The

main findings appear to be the following: One, first round accuracy was
similar for all targets except the HEP target where accuracy was much poorer,
only 11 percent overall., Two, mean firing time for the two precision engage-
ments we?g slower than for the other two which were battlesight (Target 3
was mixed). '
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- = TABLE 9-Re)
GUNNERY PERFORMANCE MEASURES
UNIT EBB _  _ ROUND ) GUNNERY RANGL 2
" TARGEY CNARACTERISTICS MLASURE S i
-~ 1 NG. [ T TN T" - "T'"’""'
TABLE | SE- (ME- | M | RNDS. | L Jlof ofF | OF P IRING
- VIII | QUENCE | TERS)] * | AMMO %Ratr L** [{CREWS| HITS| MISSES) hio"M [TIME 5.0.] rpb
=] 4 ving
A_ 1 1000 8 |TPDS-T Panel (A 34|15 19 {44 [.09 | 8.77 [4.47 }.2
; — YS0- T 2
A2 j],ﬁ__ B-PL HEAT l‘tml A M| 16 18 (47 |.09 { 8.83 [5.69].14
A3 1900 T [HEAT ‘W1 [A U | 14 20 [.41].09 [19.03 }6.73 |46
A_la 173 [ "—E['r Hul) | A k7] 5 29 |.15].06 |16.77 16.00 |=23
A5 1200 8 lvEAT  lmm & |19 15 |.56].09 | 6.90 [3.70 |.34
— 700- Z ving
B8 N 1300 8 | TPDS-T [Panel |W M| 20 14 |.590.09 | 8.27 |4.26 ;.47
— 9= (V1 2 |
8 |2 1200 | B-P} HEAY Wy M Nl nw 17 sd .09 | 8.57 13.45 }.26
'8 13 l& 1 gv Hall | M k| 9 25 |.271.08 {15.17 [5.56 |06
84 .l7§ PIMEP  iHa)) | M n 4 30 |.12.06 [13.43 [4.82 |.09
B 15 1900 | I Il |1 Ml 18 4 .09] 9.10 16.07 |02
* Enqagement Method **  [1lumination
8 = Gunner: Daylight Battlesight A = Ambient Light
C » TC, Gunner: Rangecard W = Artificial White Light

1 = Gunnar: IR Battlesight 1 = Infrared Light

|
P = Gunner: Daylight Precision  B-P Target No. 2 ASB were battlesight targets for A Co
R = Gunner: IR Precision { H 44
S = TC: Daylight Battlesight
T = TC: Daylight Precision
X = TC: IR 50 Cal. Sight 9-46

), and precision targets for B&C Co (MSOAY).
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TALE VILL A ol

ANALYSIS OF VARIANCF SUMMARY

UNIT 1.7 ] BUNNERY MEASURE__ 13t Aqund Pp

¥
vaFy\ TION d.f. MEAN SOUARE | F P
A - Comoanys 2 4133.332 192 | ns.
8 - Table 1 _533.33 —-- | NS,
| C - Targets s 18383.330 9.35 | <.001
N(A) - Error 2 3688.873 '
AB - Companys X Table 2 933.30 ——m- N.S.
| _AC - Comnanvs X Tarqets 8 5008.313 2.55 [<.05
BC - Table X Targets ‘ 2116.641 1.8 | N.s.
NB(A) - Error 27 2577.766
| __NC(A) - Error 108 1966, 651
ABC - Comanys X Table 8 189). 644 1.05 | W.S.
NBC(A) - Error 108 1799. 865

P Values of F

N.S = F value 1s not statistically significant.
< .05, <01, <.005,<.001 = F value is significant at less than the percent

value indicated.
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1.
2.

4.

7.

Tirat Aound Mean Values
PLREORMANCE MEAMURE 1),

UNIT  EBB
Overall Mean = 40.7
Tadble VI11 A
42.0
Companys Co A
38.0
Targets 1
51.7
Company A (Day)
A 4.0
8 un.o
¢ 52.0
Table Vi1 1
A (Day) 4.7

B (Night) 8.7

Company 1
A 45.0
s $0.0
c 60.0

TABLE 9-B-3

Co B
36.0
2 3
50.0 36.7
Table VII1
Target
2 3
46.7 46.7
§3.3 26.7
Target
2 3
55.0 40.0
25.0 50.0
70.0 20.0
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CoC
48.0

Table VIII B

39.3

4 5
1.7 §3.3
B (Night)

36.0

3.0

8.0

4 5
13.3 56.7
10.0 50.0
A 3
5.0 45.0
15.0 40.0
15.0 75.0
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TABLE _9-R-4
TARLE VHIIA aml B
ANALYSIS OF VARIANCE SUMMARY
| UNIT_EBB _  GUNNERY MEASURE_ st Round Firing Time
|
S
| |_VARIATION _4.f. MEAN SQUARE F P
; |_A - Companys 2 242.003 4.67 |<.05
' [ 8 - Table 1 99.763 4.04 N.S.
- | C - Targets 4 1099.633 50.10 | <.001
; N(A) - Error 2 51.837 '
; M 2 58.323 2.36 N.S.
| |__AC - Companys X Targats 8 32.114 1.46 N.S.
[_B8C - Table X Targets 4 92.145 4.4 [<.0
i |_MNB(A) - Error 2 24.699
: | NC(A) - Error o8 21.947
ABC ~ m X Table 8 i 149 LS.
NBC(A) - Error '
! 108 20.789
P Values of F
N.S = F value 1s not statistically significant.
< 05, <.01, <005, <.001 = F value is significant at less than the percent
value indicated. .
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TABLE 9-8-5 :
First Round Mean Values
UNIT €88 PERFORMANCE MEAUSRE: Tiring Time
E’ 1. Overall Mean = 11.5 .
_ 2. Table VIII A (Quy) Table VIII 8 (Night)
- e . 5 12. _ 10.9
| 3. Companys Co A CoB CoC
: 10.9 0.3 - 13.2
. : 4. Target 1 2 3 4 5
I 8.5 _ 8.7 ”a 15.1 8.0
: 5. Cowpany A (Day) Table VIII B (Night) 5
> H A n.4 10.4 i
f B 10.1 10.4 '
; c 14.6 1.9
* : 6. Target ]
{ Table VIII 1 2 3 . 5
: A (Day) 8.8 8.8 19.0 16.8 6.9
i l B (Night) 8.3 8.6 15.2 13.4 9.1
. 7. ’ Target
B! ‘ Company 1 2 3 4 5
: A 8.7 6.8 16.1 u.7 8.5,
; B 7.4 7.2 16.2 15.2 5.5
‘ ¢ 9.5 12.2 19.0 15.5 10
1
= H
: | 9-51
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(4) Analysis of the ECB Battalion.

(a) Table 9-C-1 presents the Summary of Gunnery Performance Measures for
the C Battalion. The statistics in table 9-C-1 were based on data from a
total N of 32 tank crews: 10 in A Company, 10 in B Company, and 12 in C
Company. The statistics in the analyses of variance were based on data from
a total N of 30 tank crews, the first 10 from each company.

(b% Table 9-C-2 presents the results of the analysis of variance of first
round Ph scores. The results show that only one main effect in the analysis
was statistically significant. It was the Targets effect (F=18.24, p<001).

A Tukey's (HSD) Test of the target means, presented in table 9-C-3, indicated
that Targets 3 and 4 had Pp values significantly lower (p <.001) than the

Ph scores for Targets 1, 2, and 5.

(¢) Table 9-C-4 presents the results of the analysis of variance of
first round mean firing time. There was one significant effect, Targets
(F=14.91, p<.001). Target means, presented in table 9-C-5, were analyzed -
in a Tukey's (HSD) Test. The results indicated that Targets 3 and 4 had
significantly longer mean firing times (p <.01) than Targets 1, 2, and 5.

(d) Examination of figure 9-C-1 shows that Targets 3 and 4 had longer
ranges than the other targets. Also, Target 3 was a TC-precision engage-
ment and Target 4 used HEP ammo. These factors may have contributed to the
performance differences.
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TABLE _9-C-)

GUNNERY PERFORMANCE MEASURCS

UNIT  qcl LU T \ GUNNL RY  RANGE b
TARGET CHARACTERISTICS || " MEASURES

] T 1 N, ] T TN TN,

TABLE | SE- (Me- | M | Ruos. | L {loF oF |of 1J IRING
VII] | QUENCE J TERS)] * ' AMMO TARGET | L** [ICREWS]| HITS| MISSES | h|0"M [TIME $.0.{ rpb

A1 ] 3 | TPOS-Y me?’ A 32 |19 13 1594i09 | 8.77 |3.31 .29

7%-'_ = . ]

A2 % l'T —h A 32 2 1 j66Lo9 | 9.50 |3.43F.36
A % 1 '&"ﬁa 32 4 27 13106 [14.20 |5.25}.06
A % P ‘Wl | A 32 9 23 128).08 |12.60 |5.8) }.27
]

A 1200 ’_L HEAT #n A 32 |22 9 |7los | 7.97 |3.35F.34
I..L %__.L.I;?_L_Enﬁ: _23 9 |.72].08 | 8.83 |3.22].06
i — 4 o)) | 2 l2n | n leslos |r0.77 [s.32}.26
E_L I 10 21 1.32[.09 [13.60 |4.91].04
S ]

o K Y P utu.l.lT | 8 | 24 J.25|.08 |13.47 14.26].